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Pinguicula ionantha G. (Lentibulariaceae) is a carnivorous plant occurring in historically 
fire-dependent bog habitats of longleaf pine savannas. The species is limited to 6 counties within 
the Florida Panhandle. The species is currently listed as federally threatened due largely to 
habitat loss. The objective of this research is to provide the appropriate Pinguicula ionantha 
germination and seed bank information that would aid in the deli sting of the species. Eleven 
collections of Pinguicula ionantha seeds were made from natural populations. All germination 
trials took place in a seed germination chamber. Treatments included stratification, liquid smoke 
solutions, plant growth regulators (PGR), Murashige and Skoog (MS) media, and presoaks with 
gibberellic acid, bleach, and water. Seeds were counted daily for germination. For the seed bank 
study, soil samples were collected with a hand trowel in areas where P. ionantha plants were 
visible or known to be present previously. All soils were assessed for percent moisture, texture, 
pH and seedling emergence. Six soil replications were made from each soil sample. Highest 
germination percentages among all treatments were achieved with the GA3 presoak. For the seed 
bank study, no P. ionantha seedlings were observed in the first soil collections. In the second soil 
collections, 2 Pinguicula seedlings were observed in THSF 4 soils during week 8 of seed bank 
study. A higher emergence of monocots and dicots in T AFB 1 and T AFB 4 soil compared to 
other sites in the second soil collection may indicate that these sites contain a higher vegetation 
density. Due to the higher germination percentages with seeds sown directly on 1 % agar and 
significantly higher germination percentages with GA3 treatments on filter paper, future studies 
should focus on combining different concentrations of gibberellic acid presoaks with seeds sown 
directly on 1 % agar. Information may be used from these findings for potential reintroduction of 
this species into areas where populations are declining or extirpated. 
Introduction 
Pinguicula ionantha G. (Lentibulariaceae), known as Godfrey's butterwort, is a federally 
threatened perennial carnivorous herb that has a limited range in the lower Apalachicola River 
region of the Florida panhandle (Kesler et al. 2008). The species occurs in 6 counties (Bay, 
Calhoun, Franklin, Gulf, Liberty, and Wakulla; U.S. Fish and Wildlife Service 2009). Most P. 
ionantha populations are distributed throughout the Apalachicola National Forest (Kesler 2006). 
Butterworts are characterized by their rosette form and glandular leaves which have a 
greasy texture (Barthlott and Ashdown 2007). This greasy or buttery texture of the leaves is due 
to mucilaginous substance secreted by microscopic glands on the leaf surface. This mucilage 
traps prey such as gnats or mosquitoes and slowly digests the insect into a pulpy liquid which is 
absorbed providing the plant with nutrients that might be absent in the soil (Schnell 2002). 
Pinguicula ionantha rosettes are generally 10 cm across and leaves may be curved upward at 
margins. Flowers (2 cm across) are white with a purple throat and a prominent bright yellow 
palate (Schnell 2002). Flowering occurs from late February to April. Fruit set takes place from 
March to April (U.S. Fish and Wildlife Service 2009). The fruit is a spherical or pear-shaped 
bivalve capsule (Schnell 2002). Seeds are small (0.4 - 1 mm), brown and the surface is 
honeycombed (Gluch 2005). 
Pinguicula ionantha is a warm-temperate butterwort species that grows in temperate to 
subtropical areas and typically prefers a permanently wet, acidic soil (D' Amato 1998). 
According to Godfrey and Stripling ( 1961 ), Pinguicula ionantha occurs specifically within 
lowland bog habitats embedded in longleaf pine (Pinus palustris) savannas. This type of habitat 
is defined as a fire-dependent community (Kesler et al. 2008). Populations of P. ionantha are 
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often found growing partially submerged in roadside ditches amongst grasses. The plants 
typically grow in very wet sandy soil conditions (Gluch 2005). 
Recent surveys conducted between 2006 and 2009 indicated that the species is declining 
in population and plant numbers in several of these counties (U.S. Fish and Wildlife Service 
2009). Due mainly to habitat loss, Godfrey's butterwort was listed as federally threatened in 
1993 (U.S. Fish and Wildlife Service 1994). In the 5-Year Review for P. ionantha released in 
2009, the USFWS recommended that studies should be conducted on seed viability, timing of 
germination, and the presence of a persistent seed bank. 
Viability of Pinguicula ionantha seeds has not been extensively tested. Researchers at 
Bok Tower Gardens (Lake Wales, Florida) conducted seed germination experiments with P. 
ionantha in 2006 and 2007. Twenty seed capsules were collected from natural populations at St. 
Joseph Bay State Buffer Preserve, FL. Capsules were allowed to dry for one month and a total of 
2,206 seeds were counted. Seeds were placed on a layer of shredded peat sphagnum with sand 
underneath. A total of 456 seeds were sown on this type of media in containers with no drainage 
and clear plastic covers. Containers were placed in a greenhouse with high light conditions. No 
germination occurred (Peterson and Campbell 2007). 
Seeds that do not readily germinate in optimal conditions (water, temperature and 
oxygen) might exhibit some type of dormancy. In order to break seed dormancy in the lab, 
various treatments are used to mimic or enhance the natural conditions that enable the seeds to 
germinate. Given that P. ionantha seeds do not readily germinate in the lab with optimal 
conditions, this species may exhibit dormancy and require certain treatments in order to 
germinate. 
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Stratification is a standard treatment used to break dormancy of seeds that require a 
period of cold moist conditions to germinate (Baskin and Baskin 1998). Seeds of some 
carnivorous plant species (Sarracenia spp.) occurring in the same area and in the same type of 
savanna bog habitat as P. ionantha, have reached 50% germination with 2-4 weeks of cold moist 
stratification at 4 °C (Ellison 2001). Seeds of Pinguicula vulgar is, a cooler climate butterwort, 
have responded positively (83% germination) to 6 weeks of stratification at 5°C (Maas 1989). 
Seeds of some fire-prone species are stimulated to germinate through chemical signals in 
smoke such as ethylene and ammonia (Van Staden et al. 2000). Kesler et al. (2008) investigated 
population growth responses of Pinguicula ionantha to prescribed fire. The study found that 
population growth rate is dependent on frequency of prescribed fire events. Seeds of Liatris 
chapmanii, a perennial forb native to the Florida longleaf pine savannas, have increased in 
germination over 80% with a 5 minute direct exposure to pine needle smoke (Lindon and 
Menges 2008). Germination in seeds of prairie plant species such as Echinacea simulata (57%), 
Echinacea pallida (77%) and Pycnanthemum pilosum (90%) increased when exposed to a 1 :500 
concentration (mL smoke solution/ml distilled water) ofWright's@ All Natural Hickory Smoke 
Seasoning (Ervin et al. 2010). 
Smaller seeds that lack adequate food reserves often need light to germinate. Most 
Pinguicula seeds range from 0.4-1.0 mm long with an endosperm that is 2-3 cell layers thick 
(Degtjareva et al. 2004). Gibberellic acid (GA3) was used in several studies to overcome the light 
requirements of light sensitive seeds (Lewak and Khan 1977). Many studies have used 
gibberellic acid to increase germination rates in herbaceous plant species native to a wide range 
of habitats (Debeaujon and Koornneef 2000; Foley and Chao 2008; Jain and Singh 1989). 
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Murashige and Skoog (MS) medium was used in recent studies to germinate Pinguicula 
seeds. Grevenstuk and Romano (20 12) germinated P. vulgaris seeds in test tubes containing 10 
mL MS at Y4 strength. Maximum germination was 24%. Goncalves et al. (2008) germinated P. 
lusitanica seeds in the same media with maximum germination of 40%. 
The existence of a seed bank is very important to the population persistence of a species 
in a plant community (Saatkamp et al. 2009). Seed banks may be especially important for the 
survival of plant populations in unpredictable environments (Adams et al. 2005.). The 
knowledge of whether a plant species has a persistent seed bank or not is extremely useful for 
conservation and management techniques (Adams et al. 2005). Kesler et al. (2008) observed a 
delayed population growth response (430 days) of Pinguicula ionantha to dormant season fires, 
and he suggested that this slow growth response may be due to the lack of a persistent seed bank. 
Given that Pinguicula ionantha occurs in a diminishing habitat and population numbers appear 
to be declining (USFWS 2009), a seed bank analysis would be useful in developing future 
conservation techniques for this species. The objective of this research is to provide the 
appropriate Pinguicula ionantha germination and seed bank information that would aid in the 
de listing of the species. 
Materials and Methods 
Seed Germination 
Eleven collections of Pinguicula ionantha seeds were made from natural populations in 
late March through mid-April 2012 (Table 1 ). Seeds were stored in microcentrifuge tubes and 
placed inside a seed storage cabinet ( <45% relative humidity) at 4 °C in an Isotemp laboratory 
refrigerator (Fisher Scientific, Pittsburg, PA). All germination trials took place in a Percival 
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Scientific (Perry, IA) seed germination chamber under 16 hours of fluorescent light at 27 .5 ± 8.5 
µmol ·m-2·s·1 at 25.0 ± 0.0 °C. Means (± standard error) for percent germination were arcsine 
transformed and compared using a one-way analysis of variance (SPSS Statistics 19), followed 
by Duncan's Multiple Range post-hoc tests (P<0.05). 
Germination trials began in July 2012. Pinguicula ionantha seed treatments included 
stratification, liquid smoke solutions, plant growth regulators (PGR), MS media, gibberellic acid 
soak, bleach soak, and water soak (Table 2). Scarification was not attempted for these seeds due 
to the sulfuric acid destroying P. planifolia seeds during preliminary trials (See appendix). All 
treated seeds were checked every other day for germination (i.e visible emergence of radicle 
from seed) for 8 weeks. Due to extended length of germination, all treated P. ionantha seeds 
were kept in the germination chamber for 15 weeks for final counts. 
Agar/Filter Paper Technique 
For all P. ionantha treatments taking place on filter paper (Table 2), seeds were placed in 
plastic petri dishes (100 x 15 mm, Fisher Scientific, Pittsburg, PA) that initially were lined with 3 
sheets of filter paper (90 mm, Whatman # 1, Fisher Scientific, Pittsburg, PA) and moistened with 
5 mL of the appropriate solution. This method was used only for preliminary trials and the first 
P. ionantha treatment (stratification). Petri dishes could not be adequately remoistened with the 
appropriate solution without scattering the tiny seeds on the filter paper, so a layer of 1 % agar gel 
was prepared in each petri dish to supplement moisture for the remaining treatments on filter 
paper. A 300 mL 1 % agar solution was created by combining 3 g of granulated agar (Fisher 
Scientific, Fair Lawn, NJ) with 300 g of distilled water. Solution was sterilized in an autoclave 
(Wilmot Castle Company, Rochester, NY) for 20 min ( 12 1°C, 15 psi). After the beaker was cool 
enough to handle, agar solution was poured into petri dishes in 15 mL portions. Agar gel was 
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allowed to solidify, and then 3 layers of sterilized filter paper were placed on top of the gel. 
Seeds were placed on the filter paper and 5 mL of the appropriate solution was added. Unless 
otherwise indicated, three replications (dishes) were used for each treatment with 50 seeds per 
replication. All seeds on filter paper were dusted with Thiram (50% tetramethylthiuram 
disulfide; Loveland Industries, Loveland, CO) to avoid fungal contamination. Dishes were sealed 
with parafilm and placed in 30.5 x 21.6 x 16.5 cm Rubbermaid® tubs. 
Treatments on filter paper 
Strat(fication 
Two sets of 150 seeds were wrapped in a layer of damp Whatman # 1 filter paper, which 
was wrapped in Miracloth (Berkshire, Great Barrington, MA) bundles and tied with string. The 
bundles were soaked for one minute in Captan fungicide solution (5 g/L, Bonide Products, Inc., 
Yorkville, NY) then placed into a moistened mixture of sphagnum moss (15 g) and sand (220 g). 
Seed bundles were stratified in an environmental chamber at 4°C for I or 2 months. After the 
stratification period, seeds were removed and transferred to petri dishes moistened with distilled 
water. 
Liquid Smoke Solutions 
Liquid smoke solutions were created from Wrights® All Natural Hickory Smoke 
Seasoning (B & G Foods, Inc., Roseland, NJ). Solutions were prepared by diluting the smoke 
seasoning to 3 concentrations including 1: I 00, I :500 and I: I 000 (mL smoke seasoning: mL 
distilled water). Solutions were transferred to appropriate petri dishes, and then seeds were 
added. Distilled water was used for the control. 
Liquid Smoke Solutions: Plant Debris 
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Smoke solutions were created by burning plant debris (Tables 3 & 4) collected from 2 
Pinguicula ionantha populations (T AFB 1 and T AFB 2; See Table 5 for site locations). Plant 
materials collected from both P. ionantha sites differed in species, so created smoke solutions 
from either site were not combined but used as separate treatments. Plant material (100 g fresh) 
from each site was finely chopped and burned [9.7 g (TAFB 1 )  and 20.5 g (TAFB 2) after 
burning] in a stainless steel bee smoker (Glory Bee Foods Inc., Eugene, OR) in a fume hood. 
One end of a 25.4 mm diameter rubber heater hose (Thermoid@ Inc., Bellefontaine, OH) was 
attached to the funnel end of the bee smoker and the other end of the hose was inserted into a 
1000 mL sidearm flask filled with 300 mL distilled water. A vacuum was created in the flask by 
connecting a water aspirator to the sidearm flask. As the plant material was burned, bellows on 
the bee smoker was pumped continuously to push the smoke through the tube and into the water 
within the flask, which created a concentrated smoke solution (Finn et al. 2010). Smoke 
solutions were prepared at concentrations of 1 :5, 1: 100 and 1 :500. Solutions were transferred to 
appropriate petri dishes, and then seeds were added. Distilled water was used for the control. 
Gibberellic Acid Soak, Bleach Soak, and Water Soak 
A 500 mg/L gibberellic acid solution was created by combining 0.05 g of GA3 (Sigma­
Aldrich@) with 100 mL of distilled water. A 10% bleach solution was created by combining 10 
mL of regular bleach (Clorox® Oakland, CA) with 90 mL of distilled water. Seeds were wrapped 
in a layer of Whatman # 1 filter paper and then wrapped with Miracloth (Berkshire, Great 
Barrington, MA) which was tied into a bundle with string. Seeds were immersed for 24 hours in 
the GA3 soak and water soak (100 mL) and then transferred directly to petri dishes. Seeds were 
soaked for 10 minutes in the bleach solution and then immersed into 3 consecutive beakers of 
distilled water ( 100 mL) before transferring to petri dishes. 
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Treatments on 1 % agar 
Plant Growth Regulators 
Three treatments using plant growth regulators (PGR) were tested using Benzyladenine 
purine (BA), Indole-3-butyric acid (IBA), and a combination of the two. A concentration of 2.5 
µM BA or 7.5 µM IBA or both was added to a 1 % agar solution. Solutions were sterilized in an 
autoclave (Wilmot Castle Company, Rochester, NY) for 20 minutes ( 1 2 1 °C, 1 5  psi), and 1 5  mL 
of each solution was poured into petri dishes. A 1 % agar solution was used for the control. Seeds 
were surface disinfected in a 1 0% Clorox solution containing 2-3 drops of Tween 20 (Carolina 
Biological Supply Company, Burlington, NC) and then placed directly on the solidified solution 
under a sterile work bench. Due to a higher risk of contamination, 1 0  seeds were sown into each 
plate and 1 0  replications (dishes) were used for each treatment. 
Murashige and Skoog (MS) Media 
Two treatments were tested using MS media (Sigma-Aldrich®, St. Louis, MO) diluted to 
Y2 ( 1 00 mL concentrated MS/1 00 mL distilled water; 200 mL total solution) and 1!i (50 mL 
concentrated MS/ 1 50 mL distilled water; 200 mL total solution) concentrations. The full strength 
concentrated solution was created by combining a 4.33 g MS packet, 7 g of granulated agar, and 
1 L of water. Solution was heated to boiling. A 1 % agar solution was used for the control. Two 
types of containers were used for treatments: 60 x 1 5  mm plastic petri dishes (Fisher Scientific, 
Pittsburg, PA) and 25 mm culture tubes (Sigma-Aldrich@, St. Louis, MO). For treatments on 60 
x 1 5  mm plates, each solution was autoclaved for 20 min ( 1 2 1 °C, 1 5  psi) and allowed to cool 
before pouring 7 mL of solution into plates. For treatments taking place in test tubes, 1 0  mL of 
solution was poured into test tubes and autoclaved for 20 min ( 1 2 1 °C, 1 5  psi). Test tubes were 
removed from autoclave and immediately set at a 45 degree slant until solution solidified. Seeds 
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were sown directly onto the solidified media in a sterile work bench. Ten seeds were sown into 
each plate and 1 0  replications (plates) were used. Five seeds were sown into each test tube and 8 
replications (tubes) were used. Test tubes were sealed with parafilm and placed directly into the 
germination chamber. 
Transfer of Seedlings to Containers 
When P. ionantha seedlings were large enough ( 4-6 mm diameter) to handle with small 
forceps, the plants were transferred from petri dishes to 8.9 cm pots with a potting mix of 
sphagnum and soil collected from native P. ionantha populations. A Ziploc bag was placed over 
the pots to delay drying. Seedlings were photo documented from point of germination to pot 
transfer. 
Pinguicula ionantha Seed Bank 
Two separate soil collections were made approximately 1 year apart for 2 separate seed 
bank studies. For the first collection, 5 P. ionantha populations were visited (Table 5) in 
February 20 1 2  and 3 soil samples (500 mL each) were collected from each site, except for ANF 
1 site (600 mL total collected). Each of the 3 soil samples from a particular site was combined 
into one 1 500 mL sample. In the second study, soil samples were collected in December 20 1 2-
January 20 1 3  from 1 0  P. ionantha populations (Table 6). One sample of 600 mL was collected 
from each site. Soil samples were collected with a hand trowel in areas where P. ionantha plants 
were visible or known to be present previously (J. Moyers pers. comm.). For both collections, 
soils from each site were assessed for percent moisture by weighing 1 0  g of soil on a Scout-Pro 
SP60 1 balance (Ohaus)!)' Parsippany, NJ), and then drying soil samples at l00°C for 24 hours, in 
an LBB series oven (Despatch Industries, Minneapolis, MN). Dried soil samples were re­
weighed, and percent moisture was calculated. A soil texture test was performed by filling a 
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narrow 60 mL clear glass jar with I 0 mL of soil and 50 mL of distilled water. A few drops of soil 
dispersing agent (LaMotte, Chestertown, MD) were added to the mixture and the container was 
shaken several times. The container was left at room temperature for at least a week, until soil 
had visibly separated into layers. Percent sand, silt and clay was calculated by measuring the 
height (mm) of each respective layer. Sand, silt, and clay percentages were compared with a soil 
texture diagram to determine soil texture. Soil pH was determined using a Bluelab:ID soil pH 
meter (Bluelab Corporation Limited, Tauranga, NZ). All soil samples were allowed to dry on 
newspaper overnight before the seed bank setup. In order to assess soils for a persistent seed 
bank, 6 soil replicates were made from each soil sample. Six 8.9 cm plastic pots were lined with 
1 layer of filter paper moistened with 5 mL distilled water. Each pot was filled with 1 65 mL of 
sterilized fine sand (Sakrete@, Cincinnati, OH). Sand was moistened to saturation, and then 1 00 
mL of soil sample was placed evenly on top of the sand and moistened. All replicate pots were 
placed in a Conviron@ growth chamber (Winnipeg, Manitoba, CA) at 25 .0  ± 0.0°C (obtained 
from temperature read-out on chamber) under fluorescent lights with a 1 6-hour light photoperiod 
at 118 ± 1 µmol·m-2·s-1• Soils were watered daily and monitored weekly for P. ionantha seedling 
emergence, as well as dicot, monocot and non-flowering plant emergence. Seed bank trials began 
in March 20 1 2  (first collection) and February 20 1 3  (second collection) and were monitored for 9 
weeks. Means (± standard error) were compared using a one-way analysis of variance, followed 
by Duncan's Multiple Range post-hoc tests (P<0.05). Statistical analysis for monocot/dicot 




Because different media types were used in each treatment (Table 2), germination rates 
were compared among control treatments to determine if an ideal media type existed among 
treatments. Highest germination was 20% with 1 % agar and lowest germination was 1 % with 
filter paper. No significant difference occurred among control treatments (Table 7). 
Strat�fication 
No differences were observed in percent germination values among stratification 
treatments (Table 8). Percent germination of control seeds and stratified seeds was similar. 
Germination for 1 month stratification was 1 .3%, and no germination occurred with seeds 
stratified for 2 months (Table 8). 
Wright ·s® Hickory Smoke Seasoning and Plant Debris Smoke Solutions (TAFB I and TAFB 2) 
No differences were observed in percent germination among hickory smoke treatments 
(Table 9), with germination ranging from 7- 1 0% within Wright's hickory smoke treatments. 
Seeds treated with smoke solutions from TAFB 1 plant debris were similar in germination (Table 
1 0). Germination ranged from 1 2-30% for TAFB 1 trials .  Percent germination was similar 
among seeds treated with smoke solutions from T AFB 2 (Table 1 1  ). Germination ranged from 
1 1 -2 1  % for T AFB 2 trials .  Germination was higher with 1 :  1 00 solutions of T AFB 1 and T AFB 2 
plant debris compared to 1 : 1 00 solutions of Wright's hickory smoke (Table 1 2) .  
Gibberellic Acid (GA3), Bleach, and Water Presoaks 
Germination in seeds treated with 500 mg/L GA3 was higher than 1 0% bleach soak, 
water soak, and the control (Table 1 3). Germination with 500 mg/L GA3 started and increased 
sharply after 6 days (Figure 1 ) . The 1 0% bleach soak also produced higher percent germination 
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compared to the water soak and the control (Table 1 3). Gibberellic acid at 500 mg/L produced 
the highest germination among all tested treatments (Figure 2). 
Plant Growth Regulators (PGRs) 
Percent germination of seeds treated with IBA was inhibited compared to all other PGR 
treatments or the control (Table 1 4) .  Seeds treated with BA or BA+ IBA responded with similar 
percent germination. 
Murashige and Skoog (MS) Media in Tubes and Plates 
No differences were observed in percent germination between MS media treatments in 
test tubes (Table 1 5). Germination for MS media in test tubes ranged from 5- 1 3% (Table 1 5) .  
Germination for MS media in plates ranged from 8-27%. Percent germination of control seeds on 
1 % agar in plates was higher compared to 1/i and Yi MS media (Table 1 6). No differences were 
observed between Yi and � MS treatments in plates (Table 1 6). 
Transfer o.f Seedlings to Containers 
Various stages of seedling growth were visible as germination to seedling stage was 
observed. An emerging radicle was observed at germination, followed by emergence of root 
hair-like structures attached to the radicle. First true leaves also were observed as well as the 
apical meristem (Figure 3) .  Some seedlings ( 4-6 mm diameter) survived and continued growth 
after transfer to containers with potting media. Seedlings that were allowed grow to a larger size 
( 1 0- 1 2  mm diameter) before transplanting died of mold 7- 1 0  days after transplanting. 
Seed Bank Collections: Soil Characteristics 
Percent moisture for soils present in the first and second collection ranged from 42-80% 
(TAFB 1 ), 44-55% (TAFB 2), 36-5 1 % (SJBP 1 )  and 1 7-30% (LB 3). Percent moisture for 
THSF sites ranged from 35-45% (Table 1 7). Soil texture for the majority of soils in the first and 
second collections was determined to be sand or sandy loam (Table 1 7) .  Very little silt or clay 
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content was detected across all sites. Soil pH for soils present in the first and second collection 
ranged from 4.6 (TAFB 1 ), 5 .4-6.1 (TAFB 2), 4.3-5 .3 (SJBP 1 )  and 4.4-4.9 (LB 3) .  Soil pH for 
THSF sites ranged from 4.3-5 .5 . All soils were determined to be acidic (Table 1 7) .  
Seed Bank Collections: Seedling Emergence 
No P. ionantha seedlings were observed in the first soil collections. In first soil 
collections, TAFB 1 produced highest emergence (not statistically analyzed) of monocots (3 
plants) and di cots ( 5 plants). In the second soil collections, two Pinguicula seedlings were 
observed in THSF 4 soils during week 8 of seed bank study. Monocot emergence was higher in 
T AFB 4 soils compared to all other sites (Table 1 8). Dicot emergence was higher in T AFB 1 and 
TAFB 4 soils compared to all other sites (Table 1 9) .  All plant emergence was higher in TAFB 4 
soils compared to all other sites (Table 20). Seedling emergence in THSF and LB soils was 
similar (Figure 4 ) .  Seedling emergence rates from soils were noticeably higher in T AFB 1 and 
T AFB 4 soils compared to all other sites, starting between week 1 and week 2 (Figure 5) .  
Discussion 
Controls 
A noticeable increase in percent germination occurred with control seeds placed on 1 % 
agar compared to control seeds placed on filter paper (Table 7). Because the tiny size of the 
seeds and limited surface area for water absorption, the direct contact to the agar gel may be 
providing the seeds with the constant moisture needed for germination. Most P. ionantha plants 
are found growing in wet or submerged conditions (Gluch 2005), so the seeds might require this 
constant moisture to germinate. The 1 % agar may be a desirable media to use for future 
germination studies of Pinguicula species. 
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Stratification 
Pinguicula ionantha seeds do not respond to cold moist stratification. Pinguicula species 
from cooler climates have responded positively to stratification (Grime et al. 1981; Maas 1989), 
however, no studies have tested stratification on germination of Pinguicula seeds from a warm 
temperate climate such as the Florida panhandle. Given the average winter temperatures for the 
Florida panhandle ( 4.4 °C) in the coldest months (Wolfe et al. 1988), P. ionantha seeds may not 
exhibit dormancy that requires cold stratification. Seeds that were stratified in this study were the 
first and only treated seeds that were placed on filter paper with no 1 % agar underneath for 
additional moisture. This lack of additional moisture for the seeds also may have reduced 
germination, given that controls in later treatments produced higher germination. 
Smoke Solutions (Wright's Hickory Smoke Seasoning@ and Plant Debris Smoke Solutions) 
Although no differences were observed in any of the smoke solutions compared to their 
controls, all smoke solutions at 1: 100 concentrations produced higher percent germination 
compared to their controls. Smoke solutions at 1: 100 created from native plant debris produced 
higher percent germination than hickory smoke solutions at the same concentration. These 
results might indicate that germination of P. ionantha seeds respond to smoke solutions 
containing specific compounds from surrounding native plant species more than hickory smoke. 
Considering that P. ionantha population growth rate is dependent on frequency of prescribed 
fires (Kesler et al. 2008), these seeds may be enhanced by more than the smoke aspect of fires to 
germinate, such as a smoke/heat combination. 
Gibberellic Acid, Bleach and Water Presoaks 
Gibberellic acid presoaks at 500 rng/L produced the highest germination (63%) among all 
other presoaks, as well as all other treatments. A previous study achieved germination as high as 
100% with Pinguicula vulgaris seeds treated with 200 mg/L GA3 (Maas 1989). Higher percent 
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germination of P. ionantha seeds may be possible if other concentrations of GA3 were tested. 
Gibberellic acid is well known to promote seed germination (Brian 1 958; Lewak and Khan 
1 977), but the specific role of gibberellins during seed germination still is being investigated. 
Penfield and King (2009) noted that the biosynthesis of GA during germination in Arabidopsis 
might have a role in regulating cell elongation during radicle emergence as well as endosperm 
loosening. 
Plant Growth Regulators 
The only significant occurrence observed with plant growth regulators in the media was 
the inhibition of germination with the 5 µM IBA treatment. IBA is a known plant auxin that 
promotes rooting in woody and herbaceous plant species (Garcia-Gomez et al. 1 994; Wiesman et 
al. 1 989) .  Less attention has been given to the effect of this rooting hormone on seed 
germination. One study conducted with soybeans (Glycine max) showed that germination was 
inhibited in seeds soaked in IBA concentrations above 0.000 1 % (Asri 2008). It should be noted 
that these PGR treatments are typically used as a plant rooting media for plants. Media also 
contained MS media, myo-inositol, sucrose, and a vitamin solution. These other ingredients in 
addition to the plant growth regulators may or may not have affected germination percentages. 
Murashige and Skoog Media (Tubes and Plates) 
M S  treatments at Yi concentrations produced the same germination ( 1 0%) in plates vs. 
tubes, but very different germination with controls in plates vs. tubes (27% and 1 3%, 
respectively). Lower germination observed between controls in tubes vs. plates may be related to 
the lower number of seeds used in tubes due to higher risk of contamination and less available 
surface area. Using Yi MS media produced noticeably lower germination ( 1 0%) in Pinguicula 
ionantha seeds compared to studies with other Pinguicula species that produced 24% 
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germination in P. vulgaris and 40% germination in P. lusitanica with the same media (Goncalves 
et al. 2008; Grevenstuk and Romano 20 1 2) .  
Transfer o.f Seedlings to Containers 
A few of the transplanted seedlings (4-6 mm diameter) have continued successfully to 
grow in the mixture of sphagnum moss and native soil. Some seedlings were allowed to grow 
continually on the 1 % agar gel until they became 1 -2 cm in diameter, but these seedlings died of 
mold contamination within days of being transferred to soil. This difficulty of transferring larger 
plantlets from agar media to soil media may be due to inability of the plants to control water loss 
or due to a forced switch from heterotrophic to photoautotrophic nutrition (Conner & Thomas 
1 98 1  ). Transplanted seedlings were slow growing and low seedling survival may indicate a 
requirement for transplanting at a specific size. 
Seed Bank Collections 
The higher emergence of monocots and di cots at T AFB 1 and T AFB 4 compared to other 
sites in the second soil collection might indicate that these sites contain a higher vegetation 
density. Higher vegetation density is a potential problem for P. ionantha, especially at a seedling 
stage. Dense vegetation may be crowding light for these low profile butterworts. The observed 
Pinguicula plant emergence in THSF 4 soils could not be confirmed as Pinguicula ionantha, 
given that Pinguicula pumila is ubiquitous throughout the same area (M. Jenkins, pers. comm.) 
and seedlings were too small to distinguish the species. 
Conclusions 
These findings demonstrate an efficient method to germinate P. ionantha seed using a 
500 mg/L presoak of gibberellic acid. This study is the first to document a specific method to 
significantly increase germination in this species. This research is the potential first step in 
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developing a propagation protocol for future production of P. ionantha plants to be used for 
reintroduction. Future studies should focus on investigating various concentrations of GA3 to 
maximize germination in this species. More than one potential approach exists for reintroduction 
of this species. Seeds may be presoaked with GA3 treatments and then dispersed directly into the 
soil. This approach does not ensure 1 00% germination, but it avoids the difficulty of 
transplantation. A second approach would be to germinate seeds in the lab and transplant 
seedlings to native sites. This approach requires more information on the ideal seedling size to 
begin transplanting, given that seedling growth is slow, and larger transplants ( 1 0- 1 2  mm 
diameter) did not survive in this study. More information is needed for optimal media, light 
conditions, temperature, and fertilizer treatments of seedling transplants. A reintroduction 
approach that distributes treated seeds directly into the soil may be a more beneficial solution to 
the survival of the species, given that a persistent seed bank is not apparent. 
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Tables and Figures 
Table 1: Pinguicula ionantha seed collections. 
Site Code2 Seed Count Location Date Collected 
I. TAFB I (Sample 1) 1500 Bay County, FL 03120112 
2. T AFB I (Sample 2) 400-500 Bay County, FL 03/26/12 
3. TAFB I (Sample 3) 800 Bay County, FL 04103112 
4. T AFB 2 (Sample I) 1500 Bay County, FL 04/02/12 
5. TAFB 2 (Sample 2) 300 Bay County, FL 04/02/12 
6. ANF 2Y 1800 Liberty County, FL 04/14112 
7. ANF 3Y 1700 Liberty County, FL 04/14/12 
8. SJBP I 700 Liberty County, FL 04115112 
9. THSF I 650 Liberty County, FL 04116/12 
10. THSF 4 750 Franklin County, FL 04/16/12 
11. LB 3x 300 Bay County, FL 04117112 
z Full names or exact locations for sites are not provided, because the species is federally 
threatened. 
Y Seeds were not used for germination treatments due to uncertainty of species at the time. 
x Seeds collected from this site were Pinguicula lutea (5% of total seed mixture used for study). 
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Table 2: Summary of Pinguicula ionantha seed treatments with corresponding media type, number of 
replications, and number of seeds per replication. 
Treatment Media 
Stratificationz 
Control filter paper 
1 Month filter paper 
2 Months filter paper 
Wright's Hickory Smoke Solutions' 
Control 1 % agar+ filter paper 
I: 100 I% agar+ filter paper 
I :500 1 % agar+ filter paper 
GA3, Bleach, & Water Presoaks' 
Control 1 % agar+ filter paper 
500 mg/L GA3 1 % agar + filter paper 
10% Bleach 1 % agar + filter paper 
Distilled Water I% agar+ filter paper 
Plant Debris Smoke Solutions' 
(TAFB 1 & TAFB 2) 
Control 1 % agar + filter paper 
1 :5 1 % agar + filter paper 
I: 100 I % agar + filter paper 
1 :500 I% agar+ filter paper 
PGR Treatments' 
Control 1% agar 
BA 1% agar 
IBA 1% agar 
BA+ IBA 1% agar 
Murashige and Skoog (MS) TubesY 
Control 1% agar 
Yi MS 1% agar 
114 MS 1% agar 
Murashige and Skoog (MS) Plates' 
Control 1% agar 
Yi MS 1% agar 
114 MS 1% agar 
·Containers were I 00 x 1 5  mm plastic petri dishes 
Y Containers were 25 mm culture tubes 

























































Table 4: Plant species present in debris from Pinguicula ionantha populations at T AFB 2. 
Scientific Name 



















































oriental false hawksbeard 
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Table 5: First soil sample collections for Pinguicula ionantha seed bank study. 
Site Code Location Date Collected 
1 .  TAFB 1 Bay County, FL 21241 1 2  
2 .  TAFB 2 Bay County, FL 2/24/ 1 2  
3 .  SJBP 1 Gulf County, FL 21261 1 2  
4. ANF 1 Liberty County, FL 21261 1 2  
5 .  LB 3 Bay County, FL 21251 1 2  
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Table 6: Second soil sample collections for Pinguicula ionantha seed bank study. 
Location County Date Collected 
1 .  TAFB 1 Bay County, FL 1 102/ 1 3  
2 .  TAFB 2 Bay County, FL 1 102/ 1 3  
3 .  TAFB 4 Bay County, FL 1 1021 1 3  
4 .  THSF 1 Liberty County, FL 1 2/3 1 1 1 2  
5 .  THSF 2 Liberty County, FL 1 2/3 1 1 1 2  
6 .  THSF 4 Franklin County, FL 1 2/3 1 1 1 2  
7 .  SJBP 1 Gulf County, FL 1 10 1 1 1 3  
8. LB 3 Bay County, FL 1 1241 1 3  
9 .  L B  6 Bay County, FL 1 124/ 1 3  
1 0 . L B  9 Bay County, FL 1 124/ 1 3  
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Table 7: Percent germination after 1 5  weeks of untreated Pinguicula ionantha seeds on different 
types of control media. 
MediaY 
Filter Paper 
1 % Agar + Filter Paper 
1 %  Agar 
% Germinationz 
1 .0 ± 0 .6 
1 0.4± 1 .9 
20.6 ± 3 .8 
'Means± standard errors. [N= l 8 (I% agar). N=9 (I% agar+ filter paper). 
N=3 (fil ter paper). df=2. P = 0.059]. 
'See Table 2 for treatments corresponding to listed media types. 
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Table 8: Percent germination after 1 5  weeks of Pinguicula ionantha seeds stratified at 4°C for 1 






1 .0  ± 0.3 
1 .3 ± 0.4 
0.0 ± 0.0 
'Means± standard errors (N=3, df=2. P=0.22). 
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Table 9: Percent germination after 1 5  weeks of Pinguicula ionantha seeds imbibed with 
solutions of Wright's® Hickory Smoke Seasoning. 
Treatment 
Control 
1 : 1 00 
1 :500 
% Germinationz 
6.7 ± 0.7 
9.3 ±4.7 
1 0.0 ± 2.3 
'Means± standard errors (N=3, df=2, P=O. 77). 
3 1  
Table 10: Percent germination after 1 5  weeks of Pinguicula ionantha seeds treated with smoke 




1 : 1 00 
1 :500 
% Germinationz 
1 6 .7 ± 2.7 
1 2 .0 ± 9.2 
30.7 ± 1 .8 
22.7 ± 3.3 
'Means± standard errors (N=3, df=3, P=0. 16). 
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Table 11: Percent germination after 1 5  weeks of Pinguicula ionantha seeds imbibed with smoke 




1 : 1 00 
1 :500 
% Germinationz 
1 6 .7 ± 2.7 
1 6 .0±3 . 1  
2 1 .3 ± 1 .3 
1 0.7 ± 4. 1 
' Means± standard errors (N=3, df=3, P=0.17). 
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Table 12: Percent germination after 1 5  weeks of Pinguicula ionantha seeds imbibed with 1 :  1 00 
solutions of Wright's Hickory Smoke Seasoning or plant debris from TAFB 1 or TAFB 2 .  
Treatment 
1 :  1 00 (Hickory) 
1 : 1 00 (T AFB 1 )  
1 : 1 00 (TAFB 2) 
% Germinationz 
9.3 ±4.7 b 
30.7 ± 1 .8 a 
2 1 .3 ± 1 .3 a 
'Means± standard errors. Means within a column followed 
by a different letter are different based upon Duncan's 
multiple range test using arcsine transformed percentage 
values (N=3. df=2. P=0.017). 
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Table 13: Percent germination after 1 5  weeks of Pinguicula ionantha seeds treated with 
gibberellic acid (GA3), bleach, and water presoaks. 
Treatment 
Control 
500 mg/L GA3 
1 0% Bleach 
Distilled Water 
% Germinationz 
8 .0 ± 2.3 c 
63 .3 ± 5.8 a 
33.3 ± 5 . 5  b 
4.7±2.9c 
'Means± standard errors. Means with in a column followed 
by a different letter are different based upon Duncan's 
multiple range test using arcsine transformed percentage 
values (N=3, df=3, P<0.01 ). 
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Table 14: Percent germination after 1 5  weeks of Pinguicula ionantha seeds imbibed with 2.5 








27.0 ± 4.7 a 
24.0 ± 4.5 a 
2.0 ± 1 .3 b 
22.0 ± 4.2 a 
'Means± standard errors. Means within a column followed 
by a different letter are different based upon Duncan ·s 
multiple range test using arcsine transformed percentage 
values (N=IO. df=3. P<0.01). 
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Table 15: Percent germination after 1 5  weeks of Pinguicula ionantha seeds imbibed in test tubes 
with Murashige and Skoog (MS) media diluted to Yi ( 1 00 mL MS/ 1 00 mL distilled water; 200 




Vt MS (tubes) 
V2 MS (tubes) 
% Germinationz 
1 2.5 ± 5.3 
1 0 .0 ± 3.8 
5.0 ± 3 .3  
'Means± standard errors (N=8 , df=2, P=0.49). 
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Table 16: Percent germination after 1 5  weeks of Pinguicula ionantha seeds imbibed in petri 
plates with Murashige and Skoog (MS) media diluted to Yz ( 1 00 mL MS/ 1 00 mL distilled water; 




Yi MS (plates) 
Yz MS (plates) 
% Germinationz 
27.0 ± 4.7 a 
1 0.0 ± 3 .3 b 
8 .0±3 .9 b 
'Means± standard errors. Means within a column followed 
by a different letter are different based upon Duncan's 
multiple range test using arcsine transfom1ed percentage 
values (N= 10, df=2, P<O. O 1 ). 
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Table 1 7: Characteristics of soil collections from Pinguicula ionantha populations 









5 1  
39 
17 
Sandy Loam 4.6 
Sandy Loam 5.4 
Sandy Loam 5.3 
Silty Clay Loam NIA 
Sandy Clay Loam 4.4 
Second Co 11 ecti on-------------- ---------------------------------------------------------------------------------
TAFB 1 80 Sand 4.6 
TAFB 2 55  Sand 6. 1 
TAFB 4 32 Sand 4.9 
THSF 1 35  Sandy Loam 5 .5  
THSF 3 40 Sandy Loam 4.4 
THSF 4 45 Sand 4.3 
SJBP 1 36 Loamy Sand 4.3 
LB 3 30 Loam 4.9 
LB 6 23 Sandy Loam 4.7 
LB 9 1 8  Sandy Loam 4.4 
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1 .3 ± 0.6 be 
0.3 ± 0.2 c 
6.7 ± 1 .6 a 
0.0 ± 0.0 e 
1 .5 ± 0.6 be 
0.7 ± 0.4 be 
0.2 ± 0.2 e 
0.8 ± 0.3 be 
2.5 ± 0.7 b 
2.0 ± 0.5 be 
'Means ± standard errors. Means wi th in  a column followed by a 
different letter are different based upon Duncan' s multiple range 
test (N=6 , df=9, P<O. O 1 ). 
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6.7 ± 1 .3 a 
0.5 ± 0.3 b 
6.8 ± 1 .6 a 
1 .2 ± 0.2 b 
0.0 ± 0.0 b 
0.7 ± 0.2 b 
1 .3 ± 0.3 b 
1 .3 + 0.5 b 
0.3 ± 0.2 b 
0.3 + 0.3 b 
' Means ± standard errors. Means within a column followed by a 
different letter are different based upon Duncan' s multiple range 
test (N=6 , df=9, P<O.O 1 ). 
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8 .0± l .7 b 
0.8 ± 0.5 c 
1 3 . 5  ± 1 .9 a 
1 .2  ± 0.2 c 
1 .5 ± 0.6 c 
1 .3 ± 0.4 c 
1 .5 ± 0.4 c 
2.2 ± 0.7 c 
2 .8 ± 0.6 c 
2.3 ± 0.5 c 
' Means ± standard errors. Means within a column followed by a 
different letter are different based upon Duncan's multiple range 
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Figure 1:  Percent germination (Means ± standard errors) of Pinguicula ionantha seeds treated 



















1:500 (H ickory 1: 500 (P lant 1: 100 (Plant 
Smoke Solutions) Debris Smoke Debris Smoke 
Solutions: TAFB 1) Solutions: TAFB 2) 
Treatment 
500 mg/L GA3 
(GA3, bleach & 
water soaks) 
Figure 2: Final germination percentages (Means ± standard errors; 1 5 weeks) of Pinguicula 
ionantha seeds for various treatments. The included treatments are those that produced the 
highest germination (although not always significant) within the treatments listed in 
parentheses. Note: The same control was used for plant growth regulator (PGR) treatments and 
Murashige and Skoog (MS) treatments in plates. 
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Figure 4: Monocot, dicot and total plant emergence after 9 weeks for second soil collections 
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Figure 5: Combined monocot and dicot emergence over 9 weeks for second soil collections in 
Pinguicula ionantha seed bank study (Means ± standard errors). 
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Appendix 
Preliminary Germination Studies with Pinguicula plan(folia 
Pinguicula plan�folia is a carnivorous butterwort native to the same bog/savannah habitat 
as Pinguicula ionantha, and it occurs in the same areas of the Florida panhandle that P. ionantha 
is found (Gluch 2005). It is not uncommon to find the two species occurring together (Godfrey 
and Stripling 1 96 1  ). The objective of this preliminary research was to investigate potential 
germination trials for P. ionantha using P. planifolia seeds. 
Seeds were collected from natural populations in St. Joseph Bay State Buffer Preserve, 
FL, on 26 February 2 0 1 2 .  Germination trials began in March 20 1 2. Seeds were placed in plastic 
petri dishes ( 1 00 x 1 5  mm, Fisher Scientific, Pittsburg, PA) lined with 3 sheets of filter paper (90 
mm, Whatman # 1 ,  Fisher Scientific, Pittsburg, PA) and moistened with 5 mL of appropriate 
solution. Seeds were dusted with Thiram (50% tetramethylthiuram disulfide; Loveland 
Industries, Loveland, CO) to avoid fungal contamination. Three replications (dishes) were used 
for each treatment with 50 seeds per dish. Each dish was sealed with parafilm. Petri dishes were 
placed in 30 .5  x 2 1 .6 x 16 . 5  cm Rubbermaid
® 
tubs which were placed in the germination 
chamber. Seeds were checked daily for germination for 8 weeks. Seed treatments were 
stratification, liquid smoke seasoning solutions and scarification. The stratification and smoke 
seasoning solutions used for P. plan(folia were identical to the methods used for P. ionantha 
seeds, with the exception of no 1 % agar supplemented underneath the filter paper in the liquid 
smoke seasoning treatments. For scarification treatments, seeds were submerged in 
approximately 5 mL of concentrated sulfuric acid (90-95%) for 2 seconds, and then seeds were 
poured quickly into a beaker with distilled water. Seeds were filtered from the water by pouring 
water over a strainer lined with Miracloth (Berkshire, Great Barrington, MA). Seeds were rinsed 
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with running water for 5 minutes and then transferred to petri dishes moistened with distilled 
water. 
No germination was observed for stratification, smoke solutions or scarification 
treatments. The 2-second sulfuric acid soak disintegrated the entire seed coat and most of the 
internal seed structure. Pinguicula ionantha seeds were not treated with scarification as a result 
of this information. The lack of any germination observed in P. planifolia seeds might have been 
related to low viability with the collected seeds. 
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